Background: Zamzam water (ZW) is a natural alkaline water that contains several minerals that may represent a powerful tool for cancer therapy.
INTRODUCTION
Cancer is considered to be one of the major causes of death worldwide, and it was responsible for approximately 13% of deaths in 2008. [1] New cancer cases are expected to increase by about 40% by 2030. [2] This disease is characterized by an uncontrolled increase in cell proliferation, which leads to tumor formation. Multiple signaling pathways such as irregularities in deoxyribonucleic acid (DNA) repair, cell cycle, apoptosis, and redox balance are affected simultaneously by tumor progression. Targeting these pathways for novel therapeutic strategies is being explored. [3] Reactive oxygen species (ROS) are second messengers that participate in various physiological processes such as proliferation and apoptosis. [4] [5] [6] Therefore, it was suggested that antioxidants might have an inhibitory effect on the promotion of tumors. [4] Resistance to treatment with broad range of anticancer drugs and toxic side effects have resulted in a need for new anticancer therapies with diverse modes of action and little to no side effects. [7] Cancer treatment strategies utilizing either chemotherapy or radiotherapy have undesirable and toxic side effects. Consequently, finding novel and effective therapies against cancer is highly necessary. Attention to the use natural compounds as new candidates that can replace the chemotherapy or radiotherapy has increased. [8, 9] Recently, scientists have aimed to develop oxygen-reduced water with high mineral combination and high power of hydrogen (pH), which is widely used as a fashionable type of drinking water. A novel example is electrolyzed-reduced water (ERW) which is characterized by a high pH, lower oxidation potential, and lower dissolved oxygen than any other forms of tap water or distilled water. [4] This water has been shown to possess anticancer properties including inhibition of cell proliferation in lung A549 cancer cells, [10] inhibition of tumor growth of B16 melanoma in tumor-injected mice, [5] and enhancing the mitochondrial apoptosis pathway in human promyelocytic leukemia cells (HL-60) alongside glutathione (GSH). [4] Zamzam water (ZW) is a natural alkaline mineral water with unique natural characteristics that are different from any other water. It is named after the well that provides water to billions of people for thousands of years and has never dried up. This water has never been chemically treated or chlorinated. Chemical analysis of ZW shows that it contains many inorganic elements and ions such as sodium, calcium, magnesium, potassium, chromium, cobalt, copper, zinc, arsenic, lithium, selenium, strontium, cadmium, lead, chloride, fluoride, nitrate, sulfate, and bicarbonate. [11] In addition, it has a higher pH value (7.9-8) compared to the pH of ordinary water (pH 6.5-7) as well as antimicrobial growth properties. [12, 13] Previous studies reported that ZW had antioxidant activity and improved the oxidative stress in type 2 diabetic patients [13] and in rats stressed with gentamicin [12] and carbon tetrachloride. [14] Some studies suggested that the arsenic, selenium, and lithium in ZW might represent a powerful tool for therapy of several diseases, especially cancer. [11, [15] [16] [17] Others found that several minerals such as arsenic trioxide, lithium chloride, and selenium could inhibit the proliferation of normal and cancerous cells. [18] [19] [20] Moreover, it has been reported that cancer cells have died through the apoptosis pathway when they were exposed to selenium, arsenic trioxide, and cadmium chloride (CdCl 2 ) [18, 20, 21] with a distinctive effect of arsenic trioxide on cell cycle. [22] In addition, studies on breast cancer have shown that oral administration of sodium bicarbonate increases extracellular pH of tumors and reduces the formation of spontaneous metastases. [23] It is suggested that due to the presence of certain elements and its high pH, ZW might have a powerful effect on the proliferation of cancer cells with potential antioxidant properties. [13] As far as we are aware, no research has been done to study the effects of ZW on breast cancer cells. Hence, the objectives of this research were to investigate the effects of ZW on morphological changes, cell viability, cell death mechanism, and cell cycle arrest as well as to estimate the level of cytoplasmic and mitochondrial ROS in MCF-7 cells. 
MATERIALS AND METHODS

Preparation of culture media
The growth medium DMEM was supplemented with 10% FBS, 1% L-glutamine, 1% penicillin/streptomycin, and 1% NEAAs. The pH of the medium was adjusted to 7.2. The medium was sterilized by 0.22 μm filter and used to culture MCF-7 cells. After reaching the desired confluence at 70%, the growth medium was removed and ZW treatments were tested for 24 h.
Study design
The study was conducted at KAU, Jeddah, KSA, between January 2015 and February 2016. ZW dissolved in PBS was used as the treatment in this research. Two samples of ZW were prepared in PBS and designated as Z1 and Z2. In a sterilized glass bottle, a PBS tablet was dissolved in 800 ml of ZW and the pH was either adjusted to 7.2 (Z1) or left with its natural alkalinity, pH = 8 (Z2). MCF-7 cells cultured in PBS only were used as a negative control and designated as C, as previously described. [24] The cytotoxic and apoptotic effects of the two treatments, Z1 and Z2, were studied in MCF-7.
Morphological changes MCF-7 cells were seeded in 25 cm² flasks at the concentration of 8 × 10 5 cells/ml. After 24 h, the changes of cell morphology were photographed using a Nikon Eclipse microscope at 10x magnification, and Z1 and Z2 treatments were then compared to the control.
Cell viability assays
The cytotoxic effects of ZW treatment on MCF-7 were studied using MTT assay and trypan blue exclusion. MCF-7 cells were seeded in a 96-well tissue culture plate at a concentration of 1 × 10 4 cells/well. After 24 h of incubation at 37°C and 5% CO 2 , the culture medium was replaced with 200 μl Z1 or Z2 treatments or 200 μl PBS as a negative control. MTT assay was performed by adding 20 μl of MTT dye to the samples and then they were incubated for 2 h at 37°C. Treatments were discarded and the precipitates were dissolved with 200 μl of isopropyl alcohol. The developed color intensity was measured at 490 nm using a BioTek microplate reader. Three independent experiments were performed to ensure reproducibility. For trypan blue exclusion, MCF-7 cells were treated as in the morphology section with 60%-70% confluent reached after 24 h. Trypan blue dye (0.2%) was added to MCF-7 cells and counted using a hemocytometer.
Determination of cell death type by annexin-V/propidium iodide assay
To detect early and late apoptosis in the MCF-7 cell line, cells were seeded in 25 cm² flasks at a concentration of 8 × 10 5 cells/ml. When cells were 70% confluent, they were incubated with Z1, Z2, and the control medium. After 24 h, the assay was carried out according to the manufacture's instructions using Beckman Coulter flow cytometry. Minimum 10,000 events were acquired in the gated regions. For cells labeled with annexin V-FITC, the emission was 520 nm, while for cells labeled with PI, an emission of 620 nm was used.
Cell cycle analysis MCF-7 cells were seeded in 25 cm² flasks at a concentration of 8 × 10 5 cells/ml. When cells were 60%-70% confluent, they were treated with Z1 and Z2 for 24 h followed by trypsinization. Pellets were washed twice with PBS and then cells were fixed with 1 ml of ice-cold fixing buffer (70% ethanol in PBS) and incubated at 4°C overnight. After 24 h, the fixation buffer was discarded and cells were re-suspended in 500 μl PBS followed by 5 μl of 5 mM RNase. Cells were incubated for 30 min at 37°C, dyed with 5 μl PI (1 mg/ml), and analyzed by BD FACSCalibur flow cytometry. At least 10,000 events were acquired in the list mode using an emission wavelength of 620 nm.
Measurement of cellular reactive oxygen species (ROS)
ROS level in MCF-7 was measured using the H 2 -DCFDA dye. MCF-7 cells were seeded in 25 cm² flasks at a density of 8 × 10 5 cells/ml and treated with Z1 and Z2 culture medium for 24 h. Cells were incubated in the dark with 5 μl of DCFDA for 30 min at 37°C and 5% CO 2 . Cells were kept on ice and dark condition to reduce susceptibility to the photo-oxidation that could occur. The dichlorofluorescein (DCF) fluorescence was read at an excitation wavelength of 485 nm and at an emission wavelength of 528 nm using a BioTek fluorescence microplate reader.
Measurement of mitochondrial reactive oxygen species (mtROS)
Superoxide levels in the MCF-7 cell line incubated with Z1 and Z2 were measured by a BioTek fluorescence microplate reader using MitoSOX dye according to the manufacture's instructions. The red fluorescence was read at an excitation wavelength of 530 nm and at emission wavelength of 590 nm.
Statistical analysis
The data were analyzed using GraphPad Prism (version 6.0, GraphPad Software Inc., San Diego, CA). All experiments were performed at least three times to insure reproducibility. The significant differences were evaluated using P values by one-way analysis of variance followed by Bonferroni's test. The cutoff level for significance was <0.05.
RESULTS
Chemical analysis of ZW samples was carried out to identify and quantify the chemical composition of ZW samples. The concentrations of all elements were within the permissible limits of the WHO. The chemical analysis of the ZW showed that the pH of the water was 8, Total Dissolved Salts (TDS) was 413 mg/L, and total hardness was 161.41. The major components of ZW were Ca, Cl, HCO 3 , K, Mg, Na, NO 3 , SiO 2 , and SO 4 . Few traces of B, Ba, Br, F, Fe, I, Li, NH 4 , Ni, and Sr were also detected. The concentrations of Ag, Be, Bi, Cd, Cr, Cs, Cu, Hg, Mn, NO 2 , Pb, PO4, Sb, Sn, Ta, Tl, and Zn were <0.001 ppm. The concentrations of toxic elements including Al, As, Rb, and Se were <0.01 ppm.
Morphological changes
The antiproliferative effects of the two treatments of Zamzam (Z1 and Z2) on MCF-7 are shown in Figure 1 . The changes in the cell membrane of MCF-7 were more obvious in the high alkaline medium (Z2) than in the adjusted pH treatment (Z1).
Determination of cell viability
The effects of ZW on cell viability were assessed by both MTT assay and cell count. The cancer cell viability was significantly decreased to 75.94% and 65.3% after treatment with Z1 and Z2, respectively [ Figure 2a ]. The reduction in cell viability of MCF-7 after ZW treatment was also confirmed by trypan blue cell count. As shown in Figure 2b , the cell viability was significantly reduced after treatment with Z1 and Z2 (82.96% and 47.23%, respectively). 
Apoptosis in MCF-7 cells
Apoptosis was significantly induced in MCF-7 treated cells compared with the untreated control in both early and late stages of apoptosis. The percentage of early apoptosis in the control was increased from 8.17% to 23.85% (P < 0.05) when treated with Z1 and further increased to 28.62% with the more alkaline medium Z2 (P ≤ 0.01). Similarly, the same pattern was followed for the late apoptotic stage, with a significant increase from 2.41% for the control to 10.69% and 13% for Z1 (P < 0.05) and Z2 (P ≤ 0.01), respectively (P ≤ 0.001). Cell necrosis did not change with the treatment. The percentages of necrosis in MCF-7 cells were 0.28%, 0.3%, and 0.42% (P > 0.05) in the untreated control, Z1, and Z2, respectively [ Figure 3a and b]. Figure 4a and b showed MCF-7 cell cycle phases after treatment with Z1 and Z2. Arrest in the G2/M phase was observed by noticing a significant increase in the cell population with an associated reduction in the G1 population in MCF-7 cells treated with both Z1 and Z2 treatments. Consequently, the S phase was not affected by the treatments. The percentages of MCF-7 cells in the G1 phase were 53.52%, 38.07%, and 41.59% for the control, Z1, and Z2, respectively (P ≤ 0.001). The percentages of cells in the S phase were 23.59%, 21.93%, and 20.54% (P > 0.05), while in the G2 phase, the percentages were 15.42%, 29.37%, and 31.29% for the control, Z1, and Z2 (P ≤ 0.001), respectively.
The effect of Zamzam treatments on cell cycle
Cellular and mitochondrial reactive oxygen species measurement
The intensity of cytoplasmic ROS production was observed only with Z2 treatment. Cellular ROS production was not affected by Z1 treatment compared to the control [ Figure 5a ]. The intensity of ROS formation of Z2 was 79.5 RFU, while the ROS production of Z1 was 60 RFU, compared to control 58.5 RFU. The mitochondrial ROS (mtROS) production (superoxide anion) was significantly observed with only Z2 compared to the control. Moreover, mtROS production was not affected by Z1 treatment compared to the control. The fluorescent intensity of mtROS formation of Z2 was 16881.9 RFU, while the mtROS production of Z1 was 12430.7 RFU, compared to 13810.9 RFU [ Figure 5b ].
DISCUSSION
Zamzam is a natural alkaline water consumed by millions of people worldwide because of their religious belief in its healing power for several diseases. In this study, the antiproliferative and apoptotic effects of ZW on the MCF-7 cancer cell line were investigated for the first time.
The results of the current study showed that the incubation of MCF-7 cells with ZW inhibited growth and proliferation of cancer cells and changed the morphology of cells. In fact, there are two main characteristics of ZW that differs from any other water. The first is the presence of various concentrations of a number of inorganic minerals. Several studies have indicated that minerals such as arsenic trioxide, [18] lithium chloride, [19] selenium, [20] cadmium-zinc combinations, [25] and lead [26] can inhibit the proliferation of cancerous cells. The second characteristic of ZW is the high pH (7.9-8) compared to ordinary water, a property that has been demonstrated to reduce cancer cells proliferation in numerous studies. This was consistent with the current finding of Z2 treatment compared to the ZW with pH adjusted to 7.2 (Z1).
It has been reported in previous research that MCF-7 cells died through the apoptosis pathway when they were exposed to arsenic trioxide by reducing the Bcl-2/Bax ratio [18] or to CdCl 2 by ROS production and oxidative damage. [21] In addition, it was reported that selenium induced apoptosis in colorectal cancer cells. [20] In another study, the treatment of ERW with GSH induced the mitochondrial apoptosis pathway in HL-60 cells. [4] These findings are in agreement with our results in which apoptosis and not necrosis are induced. Moreover, the generation of ROS seems to be the mechanism that together Arsenic and cadmium might be responsible for the induction of cytoplasmic ROS in MCF-7 cells. Arsenic trioxide can depolarize the mitochondrial membrane potential (MMP) and induce the opening of the mitochondrial transition pore. It also inhibits GSH peroxidase enzyme, increases cellular hydrogen peroxide content, and increases both ROS release from the mitochondria to the cytoplasm and intracellular ROS production. [22, 27] In addition, cadmium affects cells through very complex functions such as ROS production, disruption of mitochondrial function, and induction of apoptosis. [28] Furthermore, the cytotoxic effects of copper chloride and CdCl 2 on the hepatocyte occur as a result of mtROS formation due to their ability to decrease The mitochondrial membrane potential. [29] Recently, the effects of ZW on colon cancer cell line HCT-116 and normal human skin fibroblast cell line HSF were investigated using the same treatments (Z1 and Z2) that were used in the current study. The study revealed that mitochondrial ROS production was induced only with Z2 treatment while Z1 treatment scavenged mtROS. [30] These findings demonstrated that ZW might have different mechanisms in killing cancer cells that are dependent on the type of cancer cells.
Flow cytometry assays showed that cells were arrested in the G2/M phase and decreased in G1 phase. The percentages of MCF-7 cells in the G1 phase were 53.52%, 38.07%, and 41.59% for the control, Z1, and Z2, respectively. The percentages of cells in the G2/M phase were 15.42%, 29.37%, and 31.29% for the control, Z1, and Z2, respectively. It is well known that cyclin B is involved in the regulation of the G2/M phase and the M-phase transition. [31] One study has reported that cells treated with arsenic trioxide were arrested at either the G1 or the G2/M phase. [22] In addition, it has been found that the arresting of the G2/M phase in human tumor cell lines including MCF-7 by arsenic trioxide is due to an increase in the levels of cyclin B, which is a regulatory protein involved in mitosis. [31] [32] [33] De Groot et al. [33] observed a significant accumulation of renal principal cells in the G2 phase after lithium treatment compared to controls. Another study reported that inorganic selenium caused a slight arrest in the G2/M phase of the cell cycle in human T-cell acute lymphoblastic leukemia MT-4 cells.. [34] In this study, it was assumed that the arresting effect of Z1 and Z2 on MCF-7 cells might be due to the increased cyclin B level through the effect of the alkaline pH and the fact that both lithium and selenium are found naturally in ZW. Furthermore, another study found that there is no significant effect on DNA fragmentation of normal peripheral blood mononuclear cells treated with ERW with GSH. [4] However, it was reported in previous researches that alkaline-reduced water possesses potent antioxidant activity and an anticancer effect in normal mice. [5] In addition, ERW protected DNA from oxidative damage. [35] Al Doghaither et al. [30] indicated that HCT-116 cells were arrested in the G2/M phase of the cell cycle and decreased in the G1 phase after 24 h of treatment with ZW.
CONCLUSION
This study provides strong evidence that ZW has the ability to inhibit the growth and proliferation of breast cancer cells. This gives ZW a strong recommendation as a promising natural cancer treatment with no side effects. The unique combination of minerals and the alkalinity of ZW might be candidates for causing such effects. To confirm such findings, further researches are needed with different types of cancer cell lines in addition to in vivo studies on animals with induced tumors. 
